Combining opinion from expert panels is becoming a more common method of selecting criteria to define quality of health care. The Rand Corporation pioneered this method in the 1950s and 1960s in the context of forecasting technological events. Since then, numerous organizations have adopted the methodology to develop local and national policy. In the context of quality of care, opinion is typically elicited from a sample of experts regarding the appropriateness or importance of a medical treatment for several well-defined clinical cohorts. The information from the experts is then combined in order to create a standard or performance measure of care. This article describes how to use the panel process to elicit information from diverse panels of experts. Methods are demonstrated using the data from five distinct panels convened as part of the Harvard Q-SPAN-CD study, a nationally-funded project whose goal is to identify a set of cardiovascular-related performance measures.
The development of performance measures or other standards Berkestijn et al. involving non-acute abdominal complaints [4] . of care involves combining information from several different From a data-analytic perspective, many researchers have sources: information from the scientific literature, information discussed how to combine expert opinion data, using linear that has been synthesized into guidelines, and information regression models for interval-valued data [5] , generalized from expert groups. This article focuses on the last of these estimating equations for correlated ordinal response information sources: how to elicit opinion from experts and, data [6, 7] , and Bayesian models for ordinal responses [8, 9] . once obtained, how to combine the results to make decisions.
The goal of this article is to review briefly the methods of In the context of developing quality of care, many researchers elicitation and the subsequent analysis of group judgments have employed group judgment techniques in order to make by examining an example in detail. Eight national studies recommendations regarding appropriate treatment. For ex-funded by the AHCPR are currendy underway, focusing on ample, the Agency for Health Care Policy and Research the development and implementation of measures of quality (AHCPR), the National Cancer Institute, and many other in large-scale settings. The set of studies are denoted Qorganizations in the USA have published guidelines on con-SPAN (Expansion of Quality Measures) project. The example sensus care. The discussion by Brook (and references therein) considered in this article utilizes results from one such project in McCormick, Moore, and Siegel [1] provides a particularly awarded to Harvard Medical School, called 'Expansion of informative and concise summary of utilizing group judg-Quality Measures for Cardiovascular Diseases', henceforth ments in order to develop medical guidelines. Several denoted Q-SPAN-CD. A description of the Q-SPAN-CD articles have appeared in this Journal that apply the Rand project concludes the introduction. A brief review of the procedures [2, 3] including the study in this issue by van Delphi technique, a group judgment elicitation process, is then presented and demonstrated in an application involving judgments of the usefulness of a set of cardiovascular performance measures. Examples of the elicitation instruments are provided as well as of the supporting materials provided to the Q-SPAN-CD panel participants. A discussion of statistical methods for combining the elicited judgments is presented next, including a description of the potential sources of variation and appropriate analytic models. Methods are again demonstrated using the panels convened as part of the Q-SPAN-CD.
The Harvard Q-SPAN-CD project
The main objective of the Q-SPAN-CD is to define quality measures that are well-respected and nationally-based for a set of three inter-related conditions: acute myocardial infarction (AMI), congestive heart failure (CHF), and hypertension. Disease-specific subgroups of clinical experts were responsible for the development of a set of performance measures using information contained in published guidelines as well as the published literature. Performance measures were proposed on the basis of data from several sources: administrative (enrollment, in-and out-patient data), medical (hospital, rehabilitation, and ambulatory records), and patient data (surveys). The investigators integrated expert opinion regarding the usefulness of the proposed measures from several constituencies using a two-stage modified Delphi technique within each of the constituencies. In order to estimate the feasibility, reliability, and usefulness of the performance measures, they are currently collecting retrospective data from sites, representing between a 6-month and 1-year period of care for a sample of patients. The study sites are represented by four participating Health Plans at six delivery settings: Allina Health System in Minneapolis, PacifiCare Health System in Portland, Prudential Health Care in Baltimore and Houston, and United HealthCare in St. Louis and Atlanta. The methodological aspects of the Q-SPAN-CD study featured in this article relate to methods for eliciting expert opinion from health care consumers and suppliers, and statistical methods for combining the expert opinion.
Eliciting expert opinion: the Delphi technique
When empirical data are incomplete or contradictory, expert opinion can often provide a valued resource to aid in decisionmaking. In fact, study designs that involve groups of experts to elicit judgments have a long history; the voting public and criminal juries are two examples. In the former, each voter may discuss the candidate with whomever he/she chooses but casts his/her vote in anonymity. In the latter, the group discusses features of the case, votes are cast in anonymity, and the votes are counted with the goal of reaching complete consensus. If consensus is not met, more discussion is undertaken and the process is iterated until consensus is reached. The Delphi technique [10] is a method of eliciting group judgment that shares some of the aspects of the two examples. In particular, it is a survey process that is characterized by three features: anonymity, iterative and controlled feedback, and aggregation of responses. These specific features of the Delphi technique are designed to minimize the impact of dominant panelists, discussions not pertinent to the information being elicited, and group pressure towards consensus. The idea is to elicit opinion anonymously through a survey or questionnaire. Often opinions regarding the appropriateness of a medical procedure may be elicited for several different types of patient [11] . The scale of the data collected in the survey is typically ordinal categorical: the medical treatment is 'very appropriate with the benefits far outweighing the risks', 'the benefits equal the risks', 'very inappropriate with the risks outweighing the benefits'. A summary of the results is communicated to the panelists and the sequence is iterated until a stopping point has been reached. The iterations are a device for eliminating noise from the ratings. A two-stage Delphi technique characterizes the process in which two rounds of responses are elicited from the panelists: an initial round of ratings, followed by feedback to the panel, and then followed by a second round of ratings.
Several variations of the Delphi technique are possible. One common modification involves a face-to-face meeting of the panelists after the initial round of ratings (denoted a two-stage modified Delphi technique). Survey items for which there is substantial panel variability are identified and classified as items rated 'with disagreement'. For example, if half of the panelists rated an item at one end of the scale and the other half of the panelists at the other end of the scale, then the item would be considered rated with disagreement. With the aid of a moderator, a meeting is convened and the panelists discuss those items rated with disagreement. At the time of the meeting, each panelist has a statistical summary of the groups' ratings for each item as well as an indicator of the location of his/her response relative to the distribution of responses from the entire group. Clarifications, such as wording, of the survey items are made at this time. Once the discussion has concluded, the panelists confidentially re-rate the survey items for which there was disagreement.
The Q-SPAN-CD advisory panels
In order to develop a set of performance measures that have face validity from the perspective of a wide array of users, advisory panels were created that represented opinion from four key constituencies. Two panels represented views from the buyer perspective: the consumer advisory panel and the purchaser/regulator group. Members of the consumer advisory panel were recruited by the Consumer Coalition for Quality Health Care, Washington, DC and were selected because either they, or someone close to them, had experience with one of the cardiovascular conditions under study. Members of the purchaser/regulator group were recruited by the health plans and consisted of representatives of local business communities, government health programs, and state quality improvement organizations. The remaining two panels provided views from the provider perspective: the physician Figure 1 summarizes the Q-SPAN-CD panel process. Group meetings for each individual advisory panel were convened separately by telephone or in person. Panels were run sequentially (consumer advisory panel, then purchaser/regulator group, followed by providers internal to the plans, and then physician advisory panel) with rating information held confidential between the panels. Two rounds of ratings were elicited from each panelist: one prior to each advisory panel meeting and one subsequent to the panel meeting. Prior to the panel meetings, the initial round of ratings was summarized and those performance measures for which there was substantial disagreement among the panelists were identified; the Appendix describes the Q-SPAN-CD algorithm for classifying measures as rated with disagreement. Only those measures that were identified as rated with disagreement in the initial round were re-rated in the second round.
A unique feature of the Q-SPAN-CD project was the formation of a steering committee. This committee was given the ultimate decision-making power with regard to which performance measures were to be initially tested. However, the members were explicitly charged with integrating the data from all the advisory panels with their own expertise in order to arrive at a decision. The committee consisted of investigators from the Harvard Medical School, the Harvard School of Public Health, and the health plans, as well as health plan medical directors and information system directors. Panel sizes ranged from eight to 18 in round 1 and eight to 15 in round 2.
Rating the proposed measures
Each panelist was given a package containing the literature supporting the scientific basis for the set of proposed measures along with a description of each measure. Table 2 displays an example of the descriptive information corresponding to one measure sent to each panelist. The name of the measure, Beta Blocker Prescribed, the clinical rationale for the measure, as well as the definition of the numerator (number who received beta-blockers) and the denominator (number who were eligible to receive beta-blockers) were provided for each of the approximately 100 performance measures. The panelists then answered a series of questions regarding the usefulness along several dimensions such as applicability, likelihood of impacting consumer satisfaction, etc. for each performance measure. Because of the diversity across the panels, the questionnaires were tailored to each advisory panel. Figures 2 and 3 present the questionnaires that were sent to the consumer advisory panel and to the provider internal panel. For each proposed measure, opinions regarding the usefulness and importance over a set of six selection criteria were elicited from the panelists using a five-point scale. A score of 1 indicated the proposed measure was not useful, a score of 3 indicated moderate usefulness, and a score of 5 indicated that the proposed measure was very useful. Note that the judgments regarding how well consumers understand the measures were elicited from the consumer advisory panel while judgments regarding feasibility and predictive validity of the measures were elicited from the providers. Finally, the panelists were asked to synthesize their beliefs regarding the proposed measures into an overall rating using the same five-point scale.
The steering committee utilized a questionnaire similar to that for the advisory panels, but in addition to the scientific literature, summaries of the distributions of the overall ratings from each advisory panel were also included in their package. Figure 4 displays an example of the type of information that was sent to each steering committee member. The distributions of the ratings from the advisory panels were depicted by boxplots along with the number of panelists who contributed ratings to the measure. The boxplots summarized the median, interquartile range, and oudying values of the overall ratings and thus provided the steering committee with a concise yet informative summary. Referring to Figure 4 , the buyers (consumer advisory panel and purchaser/regulator group) had a higher overall rating than did the provider (physician advisory panel and providers internal to the plans) panels regarding the usefulness of beta-blockers. In fact, this trend persisted, with the buyers tending to rate the performance measures higher than the providers.
How to combine expert opinion
Once the group judgments have been elicited, the information needs to be combined in order to answer the study question(s) of interest. In the Q-SPAN-CD study, the goal involved using the steering committee's overall ratings to determine which of the proposed performance measures should be field tested. Note that the expert panel data are composed of repeated ratings from each expert; each panelist rated a set of measures Figure I The panel rating process: the four advisory panels independently rated the set of proposed measures using a twostage modified Delphi process. CAP, consumer advisory panel; PAP, physician advisory panel; PIP, providers internal to the plans; PRG, purchaser and regulator group. In round 1, panelists were sent literature supporting the scientific basis of the proposed measures. Measures for which there was within-panel disagreement were discussed and re-rated in a second round of rating. The round 2 advisory panels' results were summarized and distributed to the steering committee along with the supporting literature. The steering committee rated the performance measures; measures for which there was disagreement among the steering committee panelists were discussed and re-rated in round 2. The committee's final set of ratings was used as a basis to select measures to be field tested. The numbers of panelists are shown in parentheses using an ordinal categorical scale ranging from 1 to 5. Analytic methods that capitalize on these features are discussed next.
Sources of variability
There are several sources of variability that need to be accounted for when making inferences on the basis of elicited expert opinion. Underlying the panel process is an assumption that there exists a true (unobserved) measure corresponding to each survey item. This unobservable measure is the central quantity of interest and the reason for convening the panels. In many areas, the unobserved quantity is referred to as a latent variable. Using this premise, consider the process that generates a panelist's score for a single performance measurement. There are at least three types of errors to consider: first, there may be a panelist-specific effect. Some panelists may tend to always rate a performance measurement high (or low) relative to the latent variable. Characteristics of the panelist may explain some of the panelist effect; for example, Kahn et al. [12] found that beliefs about the appropriateness of coronary angiography differed substantially between primary care physicians, non-invasive cardiologists, and invasive cardiologists. Second, the latent variables may vary across the set of proposed measures. Some The use of oral beta-blockers has been shown to decrease morbidity and mortality when prescribed to patients recovering from myocardial infarction Because information on contraindications would not be found in administrative data, this measure does not assess whether a beta-blocker was withheld because of a known contraindication. In Phase I data on contraindications obtained from the medical record will be used to evaluate the extent to which this measure might underestimate actual performance Patients aged > 30 years who were discharged alive with a principal diagnosis of acute myocardial infarction
The number of patients in the denominator for whom the pharmacy database documents a prescription for a beta-blocker between discharge and the end of the first month post-AMI Q l . The measure can be understood by people with some experience with the diagnosis. Q2. The measure can be understood by people without experience with the diagnosis. Q3. The measure would be useful to people with some experience with the disease. Q4. The measure would be useful to people without experience with the diagnosis. Q5. The aspect of care has an impact on patient health.
Q6. This aspect of care has an impact on patient satisfaction. Figure 3 Rating form for physicians internal to the health plan measures will inherendy be useful measures while others will be inherently less useful measures. Finally, random error will occur. For example, if the panelist were to rate the measure again under identical conditions, his/her rating might be slighdy different.
Considering your ratings inclusion in this project. Overall assessment
The sources of error enumerated above reflect a partitioning of the variation in the observed ratings within a panel. When multiple panels are convened, additional sources of variation may emerge. For example, one panel may, on average, rate an identical set of measures higher than another panel. Such additional sources may be reflected as additive or multiplicative components.
The Q-SPAN-CD steering committee ratings Figure 5 shows the observed ratings corresponding to the overall usefulness of 100 proposed measures elicited from 12 steering committee members who participated in both rounds of the modified Delphi technique. The x-axis depicts the rating scale and the y-axis indicates the number of proposed performance measures. The histograms support the assumption of a panelist effect in that there is variability in the shapes of the histograms among the raters for the identical set of measures. For example, panelists 6 and 11 rated more than 80 of the proposed measures as very useful (a score of 4 or 5) whereas panelist 16 had a more moderate (more bell-shaped histogram) view of the measures.
In terms of between-performance measure variability, Figure 6 displays the distribution of the observed ratings made by the 12 panelists in Figure 5 , stratified by 12 randomly selected performance measures (three hypertension, four AMI, and five CHF). The x-axis depicts the rating scale but the y-axis now indicates the number of panelists who rated the particular measure. Eight of the 12 panelists rated the prescription of beta-blockers for AMI patients, displayed in the lower right corner of the figure, as a 'must include' (rating of 5). The usefulness of smoking cessation advice for AMI patients, displayed in the upper left corner, ranged from 'might include' (rating less than 3) to 'must include'. Figure 7 presents a matrix plot depicting the pairwise relationships among the four advisory panels and the steering committee. Each point within each scatterplot of observations represents the overall rating for a proposed performance Below each boxplot, the number of panelists (n) providing ratings is indicated measure averaged within a panel. Thus, there are 100 points for every pair of panels. A line tracing the average relationship between each pair of panels has been overlaid within each scatterplot to help to show the relationship. First, note that the consumer advisory panel and purchaser/regulator group utilized a smaller range of the rating scale (from 3.5 to 5.0) compared with the average ratings of the other panels. Second, the panels composed of buyers are more similar in their beliefs than to the provider panels. The estimated correlation coefficient between the consumer advisory panel and purchaser/regulator group average rating was 0.28, between the consumer advisory panel and physician advisory panel 0.16, while between the providers internal to plans and physician advisory panel the estimated correlation was 0.76. Similarly, the steering committee ratings are most strongly related to the provider panels' ratings with an estimated correlation between the steering committee and the physician advisory panel overall ratings of 0.88.
Statistical models
There is a tendency to treat expert opinion data as intervalvalued data and use an analytic model that assumes the observed ratings are observations from a normal distribution. Unfortunately the scale used to represent group judgment is ordinal categorical, such as 'not at all useful, moderately useful, very useful', rather than interval-valued. In particular, although numerical values are assigned to each category, the distances between categories as measured by the assigned numbers have no real numerical meaning. It is the relative ordering of the numbers that is important; that is, an item rated as a 2 is rated lower than an item rated as a 4. Because the observed ratings are rankings, the distance between a score of 1 and a score of 2 may not be necessarily the same as the distance between a score of 2 and a score of 3. For example, panelists may not differentiate well between 'not at all useful' and 'moderately useful' but have more stringent requirements in moving an item rated as 'moderately useful' to the 'very useful' categorization. Given these features of the expert opinion data, it is good practice to utilize a model that is appropriate for the actual scale of the data [13] . In the case of ordinal data, an analytic model can be built around a regression model by assuming that the panelists implicitly utilize an interval-valued scale, but because the survey response option is constrained to a small number of categories, they choose the category that most closely represents their interval-valued opinion. The ordinal responses are commonly referred to as grouped data since the interval-valued response has been grouped into a small number of categories. In the remainder of this section, models that assume the expert opinion data are intervalvalued (ungrouped) and those that assume the data are ordinal (grouped) are discussed.
Analytic models
The observed rating of performance measure i by expert r, denoted Y ir may be viewed as the sum of three components: the underlying or latent usefulness of performance measure /; an expert-specific deviation (or rater effect) that describes the relative strength of the expert's beliefs about the usefulness of the performance measure; and a measurement error component. Ignoring the scale of the data, a potential model would assume that the observed rating made by expert r for performance measure / is a linear combination of three components:
observed ratings rater effect+ underlying (latent) score + measurement error (1) The model described by Equation 1 assumes that the ratings are interval-valued (ungrouped). In order to reflect the fact that the latent variables vary across performance measures but measure a similar construct, each is assumed to be identically distributed and arise from a normal distribution. The rater effects are assumed to be random effects, also arising from a normal distribution, with an average value of zero. Finally, the measurement errors are hypothesized to arise from a normal distribution with constant variance. Models that permit the measurement error structure to vary by rater or by performance measurement may also be estimated.
Alternatively, if the scale of the data is taken into account, then the underlying assumption is that each panelist first generates a rating that is a linear combination of the underlying to his/her own rater-specific threshold values. Thus, for latent variable and measurement error. Next, the panelist expert r rating measure i, the probability that his/her rating assigns the rating to one of K ordered categories according is less than k is such that: the cumulative distribution function for a standard normal distribution, then the model above corresponds to a grouped normal data model. In order to identify the model, the rater effects are scaled to have a standard normal distribution with mean zero as well as subject to order constraints. Similar to the ungrouped models, heteroscedasticity in the measurement error across raters or performance measures may be assumed. Figure 8 shows the latent (continuous) and observed (ordinal categorical) ratings for a fictitious panelist under the assumption that F is the standard normal distribution. The y=1 y=5
Unobserved (Latent) Score Figure 8 Grouped-normal model for a fictitious panelist. The x-axis displays the unobserved continuous rating (the latent variable), the y-axis displays the probability for each rating, and the dashed vertical lines represent the panelist's thresholds for grouping his/her rating into one of five ordered values. For example, if the latent score is less than -2, the panelist rates the item as y = 1. With five ordered values, four thresholds or panelist-specific effects are necessary latent ratings are assumed to arise from a normal distribution with mean zero and variance equal to one so that 97.5% of the values of the latent variable lie in the range ( -3,3) . The dashed vertical lines represent the panelist's threshold values for categorizing his/her latent ratings into one of the five ordered categories. For example, the threshold for classifying an observation into the 'y = 1' categorization is -2. This implies that for this fictitious rater, any (unobserved) score having a value less than -2 would be grouped into the jy = 1' category. Similarly, if the unobserved score is bigger than -2 but smaller than -1, it would be grouped into the 'j = 2' category by the rater. If we know the threshold values, then the probability that an observed rating is less than k may be easily computed. For example, the probability that j = l is (p( -2) = 0.0228 using (p as the normal cumulative distribution function; the probability that J > 4 = l-(p(1.5) = 0.0668.
Modeling the Q-SPAN-CD steering committee ratings Figure 9 presents a comparison of the estimated rater effects, Figure 5 indicates, in fact, that no 4's were assigned. Also included in Figure 9 are the panelist effects corresponding to the ungrouped-normal data model. The estimated effect for each panelist is denoted by a + symbol and often lies between the 2.5 percentile and 97.5 percentile of the latent score distribution. However, in contrast to the grouped-normal model estimated panelist effects (the threshold parameters), the more to the right the estimated effect, the higher (more positive) the panelist effect.
Using the Q-SPAN-CD steering committee ratings to choose measures
The goal driving the panel process involved selecting from the set of proposed measures a subset to be field-tested. In order not to exclude potentially useful measures, the Q-SPAN investigators wanted to eliminate measures that were rated low with agreement by the steering committee. Thus, the investigators wanted to minimize their type II error, their risk of rejecting an inherently good performance measure. To operationalize this definition, recall that a rating of 3 corresponded to 'could include' so that the risk that measure i has an underlying rating less than 3 is: 3 , = probability underlying score <3 (3) Therefore, if the investigators knew the latent (true) score, they would eliminate measures having scores less than 3. The investigators, a priori, subjectively chose 80% as the cutoff, so that if the estimated T^O.80, the measure would be Estimated rater effects: using grouped and ungrouped normal models. The x-axis displays the latent (unobserved) continuous rating scaled to a standard normal distribution. The y-axis displays the rater-specific threshold values for categorizing measures on the one to five scale eliminated and not carried forward to field testing. Using the model parameters estimated based on the steering committee ratings, P t was constructed for each measure. Figure 10 displays the estimated P t values on the horizontal axis and the proposed measures on the vertical axis. The estimates were obtained using the group-normal model assuming homogeneous measurement error. No measure had T-^0.80; eight measures have an associated P, greater than 20%. In fact, all measures had P t less than 60%. The largest P, corresponded to a CHF measure involving patient-reported performance of daily weights. Based on the steering committee's ratings and an a priori decision rule, no measure was eliminated from the testing set.
Conclusions
Expert opinion can provide valuable information when there is conflicting or incomplete knowledge. In this article, methods for convening the panels as well as statistical models for making inferences on the basis of the panel data were reviewed and demonstrated using results from the Q-SPAN-CD study. One of the unique features of the Q-SPAN-CD is its four diverse constituencies representing local, national, buyer, and provider perspectives. Based on the panel results, there appears to be (preliminary) evidence that the four constituencies can be satisfied by the same set of measures. Posterior Estimates of Probability Score < 3: Homogeneous Errors Model 100 Probability Score < 3
Figure 10
Steering committee overall rating: final round estimated probability (x-axis) that each proposed performance measure (y-axis) is rated low with agreement
Although two classes of analytic models (grouped and ungrouped data models) were presented, models that make proper use of the scale of the data should generally be utilized. In the example considered in this article, the groupednormal model satisfied this requirement by definition. It is important to note, however, that the computational complexity of the grouped-normal model described in this article is substantially greater than that when estimating the ungroupednormal model. Assessment of model fit is also challenging and, although it is not discussed here, it is a critical part of any analysis. It is difficult to predict a priori how conclusions will differ between the two models without actually estimating both models. The general recommendation is to utilize a model that is commensurate with generation of the data; in this case, models that exploit the scale of the data and the design of the study should be employed.
